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BATTERY CHARGING AND DISCHARGING
CIRCUIT AND TERMINAL DEVICES

PRIORITY CLAIM

This application claims the benefit of and prionty to
Chinese Patent Application No. 202111241341.4, filed on
Oct. 25, 2021, which 1s hereby 1ncorporated by reference 1n
its entirety.

TECHNICAL FIELD

The mvention relates to the field of battery charging, in
particular to a battery charging and discharging circuit and
terminal devices.

BACKGROUND

In some terminal devices such as smart phones, multiple

battery cells are often connected 1n series to supply power to
the device. However, due to the inherent inconsistency
between battery cells, the internal impedance and discharge
rate of each battery cell are inconsistent. During the charging
and discharging processes of a battery pack, equalizing (or
balancing) each battery cell to a common target parameter
can help prolong battery life and maintain battery capacity.
Due to the integration and cost constraints, a passive
battery cell balancing technique 1s widely used. Passive
equalization usually uses resistors in parallel with battery
cells to dissipate some of the energy 1n the cells, and battery
cells with more energy will dissipate their excess energy
until equalization 1s achieved between the battery cells.
However, the passive equalization i1s achieved through
energy losses, which results 1n higher power losses.

SUMMARY

Embodiments of the present invention provide a battery
charging and discharging circuit and terminal devices with
low power losses.

In a first aspect, an embodiment of the present invention
provides a battery charging and discharging circuit, and the
battery charging and discharging circuit 1s used for charging
and discharging of a battery pack. The battery pack includes
N battery cells connected in series.

The charging and discharging circuit include a first con-
version circuit and a second conversion circuit.

The mput terminal of the first conversion circuit 1s used to
connect to an external power supply, and the output terminal
of the first conversion circuit 1s connected to the input
terminal of the second conversion circuit and the first
terminal of the battery pack. The second terminal of the said
battery pack 1s grounded.

The N battery cells have N-1 common nodes, and the
common nodes are the common connection points of two
adjacent battery cells.

The second conversion circuit has N-1 output terminals.
The step-down ratio of the second conversion circuit 1s a
fixed value. The Mth output terminal 1s used to output the
input voltage of M/N, and the first output terminal 1s also

used to supply power to the load.

Each one of the common nodes of the N battery cells, in
the order from the second terminal to the first terminal of the
battery pack, 1s connected to one of the output terminals of
the second conversion circuits from a low voltage to a high
voltage. N 1s greater than or equal to 2.
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In some embodiments, the charging and discharging cir-
cuit further includes a first controllable switch, and each
common node of the N battery cells 1s connected to an
output terminal of the second conversion circuit through the
first controllable switch.

In some embodiments, the battery pack includes a first
and a second battery cell connected in series, the first and
second cells having a first common node. The second
conversion circuit has a first output terminal. The step-down
ratio of the second conversion circuit 1s 2:1. The first output
terminal 1s used to output 2 of the input voltage, and the first
output terminal 1s connected to the first common node via a
first controllable switch. The first output terminal 1s also
used for connecting a load. The first output terminal 1s used
to supply power to the load.

In some embodiments, the battery pack includes a first
battery cell, a second battery cell, and a third battery cell
connected 1n series. One terminal of the third cell 1is
grounded, and the third cell and the second cell are con-
nected 1n series. The third cell and the second cell have a first
common node. The second cell and the first cell have a
second common node. The second conversion circuit has a
first output terminal and a second output terminal. The
step-down ratio of the second conversion circuit 1s 3:1. The
first output terminal 1s used to output 14 of the input voltage.
The second output terminal 1s used to output 24 of the input
voltage. The first output terminal 1s connected to the first
common node through a first controllable switch, and the
second output terminal 1s connected to the second common
node through another first controllable switch. The first
output terminal 1s also used for connecting a load. The first
output terminal 1s used to supply power to the load.

In some embodiments, the control terminal of the first
controllable switch 1s connected to a first controller, and the
first controller 1s used to control the first controllable switch
to turn on or turn oif the common node connection with the
output of the second conversion circuit.

In some embodiments, the first controller 1s used to do the
following: when the external power source does not provide
power to the battery pack and the battery pack 1s in a
discharging state, 1f the output current of the second con-
version circuit 1s less than a preset current threshold, the first
controller 1s used to control the first controllable switch to be
turned on; when the voltage diflerence between the cells 1s
smaller than a preset threshold, the second conversion
circuit 1s turned ofl, and when the voltage diflerence
between the cells 1s greater than or equal to the preset
threshold, the second conversion circuit 1s activated.

In some embodiments, the first controller 1s used to do the
following: when the battery pack 1s 1 a constant current
charging state, the first controller 1s used to control the first
controllable switch to be turned on.

In some embodiments, the first controller 1s used to do the
following: when the battery pack is 1n a pre-charge state, the
first controller 1s used to control the first controllable switch
to be turned ofl.

In some embodiments, the first controller 1s used to do the
following: when the battery pack 1s 1n a constant voltage
charging state, the first controller 1s used to control the first
controllable switch to be turned on.

In some embodiments, controlling the first controllable
switch to be turned on includes the following: when the first
controllable switch 1s switched from the ofl state to the on
state, the first controllable switch 1s iitially controlled to
work 1n a constant current conduction mode; when the
voltage difference between the two terminals of the first
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controllable switch 1s less than a predetermined value, the
first controllable switch 1s controlled to be 1n a fully con-
ducting state.

In some embodiments, the first controllable switch
includes an 1solating switch and a current measuring unit for
measuring the current flowing through the 1solating switch.

In a second aspect, an embodiment of the present inven-
tion provides a terminal device. The terminal device
includes the above-mentioned battery charging and dis-
charging circuit.

Compared with the prior art, the present invention has at
least the following beneficial eflects: the second conversion
circuit 1n the embodiment of the present invention adopts a
conversion circuit whose step-down ratio 1s a fixed value,
and 1ts output terminal can output several outputs with a
preset ratio of the input voltage. The output terminal of the
second conversion circuit 1s connected to the common node
of the corresponding battery cell. When each battery cell 1s
balanced, the voltage of the output terminal of the second
conversion circuit and the corresponding common node are
approximately the same. When the cell voltages are unbal-
anced, a current exists between the output terminal of the
second conversion circuit and the corresponding common
node, so that the charging currents of the series-connected
cells are unequal until the battery voltages of the series-
connected cells are balanced.

In the embodiment of the present application, the second
conversion circuit eflectively “transiers” the excess charge
on the cell with a higher battery voltage 1n the battery pack
to the cell with a lower voltage through the uneven distri-
bution of the charging current, hence reducing power loss
when compared to the method of consuming excess energy
in a battery cell through resistors.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a battery charging and
discharging circuit;

FIG. 2a and FIG. 2b are schematic diagrams of the
charging and discharging states of a battery in a battery
charging and discharging circuit;

FIG. 3 1s a schematic diagram of a battery charging and
discharging circuit;

FIG. 4 1s a schematic diagram of a battery charging and
discharging circuit provided by an embodiment of the pres-
ent 1nvention:

FIG. 5 1s a schematic diagram of another battery charging
and discharging circuit provided by an embodiment of the
present mvention;

FIG. 6 1s a schematic diagram of another battery charging
and discharging circuit provided by an embodiment of the
present mvention;

FIG. 7 1s a schematic diagram of another battery charging
and discharging circuit provided by an embodiment of the
present ivention;

FIG. 8 1s a schematic diagram of another battery charging
and discharging circuit provided by an embodiment of the
present mvention;

FIG. 9 15 a schematic diagram of another battery charging
and discharging circuit provided by an embodiment of the

present ivention; and

FIG. 10 1s a schematic diagram of a first controllable
switch 1n a battery charging and discharging circuit provided
by an embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

In order to make the objectives, technical solutions and
advantages of the present invention clearer, the present
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invention will be further described 1n detail below with
reference to the accompanying drawings and embodiments.
It should be understood that the specific embodiments
described herein are only used to explain the present inven-
tion, but not to limit the present invention. Based on the
embodiments of the present invention, all other embodi-
ments obtained by those of ordinary skill in the art without
creative eflforts shall fall within the protection scope of the
present invention.

It should be noted that, 1t there 1s no conflict, various
features 1n the embodiments of the present invention can be
combined with each other, which are all within the protec-
tion scope of the present invention. In addition, although the
functional modules are divided 1n the schematic diagram of
the device, and the logical sequence 1s shown 1n the tlow-
chart, in some cases, the modules 1 the device may be
divided differently, the described steps or the sequence
shown 1n the flowchart may be performed differently. Fur-
thermore, the words “first”, “second” and “third” used 1n the
present imnvention do not limit the data and execution order,
but only distinguish the same or similar 1tems with basically
the same function and eflect.

One or more embodiments are exemplified by the pictures
in the corresponding drawings, and these exemplifications
do not constitute limitations of the embodiments, and ele-
ments with the same reference numerals 1n the drawings are
denoted as similar elements. Unless otherwise stated, the
figures 1n the accompanying drawings do not constitute a
scale limitation.

Connecting batteries in series increases the battery capac-
ity by doubling the battery voltage, which can avoid the
problems of high input current and high power consumption
caused by single-cell batteries or parallel-connected batter-
ies under the same battery charging power. Terminal devices
often uses a battery pack composed of series-connected cells
to increase the battery capacity to meet the required runming
time between charges of the terminal devices.

FIG. 1 shows a charging and discharging circuit of a
terminal device by taking two battery cells connected in
series as an example. In the embodiment shown 1n FIG. 1,
the battery pack 200 includes two battery cells connected 1n
series. The charging and discharging circuit 100 includes a
first conversion circuit 10 and a second conversion circuit
20. The input terminal of the first conversion circuit 10 1s
used to connect to an external power supply, and the output
terminal of the first conversion circuit 10 1s connected to the
input terminal of the second conversion circuit 20 and the
first terminal of the battery pack 200. The second terminal of
the battery pack 200 1s connected to ground. The output
terminal VSYS of the second conversion circuit 20 1s used
to provide a supply voltage for a load 300.

The external power supply 1s used to provide the power
supply. The first conversion circuit 10 1s used to convert the
input voltage of the external power supply nto a charging
voltage required by the battery pack to charge the battery
pack. The second conversion circuit 20 1s used for convert-
ing the battery terminal voltage VBAT to supply power to
the load 300.

Due to the inherent inconsistency between the battery
cells, the internal impedance and discharge rate of each
battery cell will be inconsistent. During the charging and
discharging processes of the battery pack, equalizing (or
balancing) each cell to a common target parameter can help
prolong battery life and maintain greater battery capacity.

A-F 1 FIGS. 2a and 256 show the states of the battery at
several charging and discharging stages. The battery pack 1n
FIGS. 2a and 2b includes a battery cell 1 on the top and a
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battery cell 2 on the bottom. The state of health (SOH) of the
cell 2 1s worse than that of the cell 1 (For example, under the
same battery voltage, the battery stores less electrical
energy). This results 1n that even 1f the two cells 1n series are
charged and discharged with the same current, their voltages
increase and decrease at different rates.

Referring to FIG. 2a, 1n stage A, two battery cells con-
nected 1n series have the same voltage and are discharged
together 1n series. Since cell 2 1s less healthy than cell 1, cell
2 discharges faster.

In stage B, after a period of series discharging, even
though there 1s still energy 1n cell 1, the current stops when
cell 2 1s fully discharged. Then in the charging process, 1n
phase C, since cell 1 starts charging with a non-zero capacity
and 1s fully charged first, at this time, the charging process
stops even 1f cell 2 1itself 1s not fully charged. Unbalanced
cells can reduce the capacity of the battery pack over time,
because aifter the battery pack 1s recharged, the battery pack
has less energy available than before it was discharged.

In another case, referring to FIG. 25, it 1s assumed that the
series-connected cells 1n the battery pack are initially 1 a
tully discharged state as shown in stage D. During the
charging process of the battery pack, due to the poor health
of the battery cell 2, 1t will be fully charged first. As shown
in stage E, when the battery cell 2 1s fully charged, the
battery cell 1 has not yet reached the full charge battery
voltage. In this case, the unbalanced battery voltage also
poses the risk of overcharging the battery. As shown 1n stage
F, since the total voltage of the battery pack has not yet
reached the total voltage when both cells are tully charged,
if the battery pack continues to be charged, cell 2 will be
applied with a voltage higher than when 1t 1s fully charged,

resulting in overcharge, which further degrades the health of
the battery cell 2.

In summary, the usable capacity of a battery pack 1s
limited by the cell with the poorest health.

Because the active balance of battery cells requires more
active and passive devices in the circuit, due to the con-
straints of integration and cost, the passive balance tech-
nique 1s widely used 1n consumer electronic products. FIG.
3 shows an implementation of battery balancing for a battery
pack using the passive balance technique 1n a battery charg-
ing and discharging circuait.

Referring to FIG. 3, the charging and discharging circuit
100 further includes an equalization circuit 50. The equal-
1zation circuit 50 includes switches 55, 56, and resistors 52,
53, 54. The switch 55 1s connected 1n series with the resistor
52 and the resistor 53. The series-connected 55, 52 and 53
are connected across the two terminals of the battery cell
201. The switch 56 1s connected 1n series with the resistor 53
and the resistor 54. The series-connected 56, 53 and 54 are
connected across the two terminals of the battery cell 202.
These two series-connected circuits provide separate dis-
charge paths for the two battery cells, respectively. The
battery measurement and protection controller 51 1s used to
measure the voltage across each cell, and control the turn-on
and turn-ofl of the switch 55 and the switch 56 to provide a
discharge path for each battery cell.

During the charging process of the series-connected bat-
tery pack, when the voltage difference between the two cells
exceeds a predetermined threshold, the battery measurement
and protection controller 51 controls the switch correspond-
ing to the battery cell with a higher voltage to turn on, so as
to activate the corresponding switch on the discharge path of
the battery cell until the voltage difference between the two
battery cells 1s less than the predetermined threshold.
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For example, when the battery measurement and protec-
tion controller 51 detects that the voltage of the battery cell
201 1s higher than the voltage of the battery cell 202 and
exceeds the preset voltage difference threshold, the battery
measurement and protection controller 51 will activate the

switch 35. The cell 201 1s slowly discharged through the
resistor 52 and the resistor 53 until the difference between
the voltage of the cells 201 and the voltages of the cells 202
1s smaller than the preset threshold, and the cell balancing 1s
stopped.

Passive balancing 1s to achieve battery balancing by
consuming the “excess” energy in the high-voltage cells 1n
the battery pack, which brings more power consumption
during the charging process of the battery pack, and this part
of the power consumption does not offer any function. It
only increases the thermal burden of the terminal device.
Passive balancing does not solve the problem that the run
time of the battery pack 1s determined by the cells with poor
battery health while the battery 1s discharging.

FIG. 4 shows another battery balancing method of the
battery charging and discharging circuit by taking a battery
pack with two cells connected 1n series as an example. The
second conversion circuit 20 adopts a voltage conversion
circuit with a fixed step-down ratio, such as a charge pump
circuit. The second conversion circuit 20 supplies power to
the system load by making the second conversion circuit
output a voltage with a fixed step-down ratio. At the same
time, the output of the second conversion circuit 1s con-
nected with the common node of adjacent cells 1n the battery
pack to achieve cell balancing.

If the battery pack has N cells connected in series, there
are N-1 common nodes, and the common nodes are the
common connection points of two adjacent cells. The second
conversion circuit has N-1 output terminals. The Mth output
terminal 1s used to output the M/Nth of the input voltage. For
example, the first output terminal 1s used to output a voltage
equal to 1/Nth of the input voltage, and the second output
terminal 1s used to output a voltage equal to 2/Nth of the
input voltage. The first output terminal 1s also used to supply
power to the system load.

Each of the common nodes of the battery pack (in the
order from the second terminal to the first terminal of the
battery pack) 1s connected to one output terminal of the
second conversion circuit (in the order from a low voltage to
a high voltage). N 1s an 1nteger. N 1s greater than or equal to
2.

For example, in the embodiment shown in FIG. 4, the
battery pack 200 includes a first cell 201 and a second cell
202 connected 1n series. The second conversion circuit 20
has a first output terminal VSYS, which outputs %2 of the
input voltage. The first output terminal VSY'S 1s connected
to the first common node of the common connection point of
the two battery cells. In this embodiment, the second con-
version circuit 20 may adopt a voltage conversion circuit
with a fixed step-down ratio of 2:1, such as a charge pump
circuit with a step-down ratio of 2:1.

For another example, in the embodiment shown 1n FIG. 5,
the battery pack 200 includes a first battery cell 201, a
second battery cell 202 and a third battery cell 203 con-
nected 1n series. The second conversion circuit 20 has two
output terminals. The first output terminal VSYS 1s used to
output 3 of the mput voltage. The second output terminal
VSYSI 1s used to output 24 of the mput voltage. The first
output terminal VSYS 1s also used to supply power to the
load 300. The first output terminal VSYS 1s connected to the
first common node of the second cell 202 and the third cell
203. The second output terminal VSYS1 1s connected to the
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second common node of the second cell 202 and the first cell
201. In this embodiment, the second conversion circuit 20
may use a voltage conversion circuit with a fixed step-down
ratio of 3:1, such as a charge pump circuit with a step-down
ratio of 3:1.

In other embodiments, in order to facilitate the control of
battery balancing, the charge-discharge circuit 100 further
includes a first controllable switch 30. Each common node
in the battery pack 1s connected to an output terminal of the
second conversion circuit 20 through the first controllable
switch 30.

For example, in the embodiment shown 1n FIG. 6, the first
output terminal VSY'S 1s connected to the first common node
of the two cells through the first controllable switch 30. In
the embodiment shown in FIG. 7, the first output terminal
VSYS 1s connected to the first common node of the second
cell 202 and the third cell 203 through the first controllable
switch 30, and the second output terminal VSYSI1 1s con-
nected to the second common node of the first cell 201 and
the second cell 202 through another first controllable switch
30.

In this balancing battery charging and discharging circuit,
please refer to FIG. 6 and FIG. 7 respectively, the input
terminal of the first conversion circuit 10 1s used to connect
an external power source. The output terminal of the first
conversion circuit 10 1s connected to the second conversion
circuit 20 and the input terminal of the battery pack 200. The
second terminal of the battery pack 200 1s grounded. Each
output terminal of the second conversion circuit 20 1s
connected to each common node of the battery pack through
a corresponding first controllable switch 30.

In some embodiments, the external power supply 1s, for
example, the power supply voltage output by a power
adapter. The first conversion circuit 10 may be any suitable
voltage conversion circuit, such as a buck-boost switching,
conversion circuit. The first controllable switch 30 can be
any suitable switch device that can realize the function of
turning on and off the circuit by controlling 1ts control
terminal. For example, 1t can be a bidirectional 1solation
switch composed of two back-to-back connected field etiect
transistors (MOSFETs), or a MOSFET switch structure with
switchable body diodes (e.g., 1solation switch 30 shown 1n
FIG. 8).

In operation, the conduction state of the first controllable
switch 30 may be fully conducting, that 1s, the switch 1s
equivalent to a small resistance, and the current tlowing
through the switch increases with the increase of the voltage
difference between the two terminals of the switch. The
conduction state of the first controllable switch 30 may also
be a constant current (current limiting) conduction state, that
1s, the switch 1s equivalent to a constant current source, and
the current tlowing through the switch i1s constant and does
not change with the voltage difference between the two
terminals of the switch. Taking a MOSFET switch as an
example, the constant current conduction state can be
achieved by controlling the bias voltage between 1ts gate and
source to operate 1n the saturation region.

The second conversion circuit 20 may be a voltage
conversion circuit with a fixed step-down ratio, such as a
charge pump circuit. The second conversion circuit 20 1s
composed of a power conversion module and a second
controller. The second controller controls a plurality of
power conversion modules 1n the power conversion circuit.
The turn-on and turn-ofl of the switch realizes the step-down
function of a fixed rate.

The mnput of the second conversion circuit 20 may be the
output of the first conversion circuit 10. When the system 1s
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discharging without connecting to an external power source,
the 1nput of the second conversion circuit 20 1s the voltage
of the battery pack. In other occasions, where fast charging
1s supported, the mput voltage of the second conversion
circuit 20 can also be directly provided by an external power
source (for example, the mput voltage of the second con-
version circuit 20 1 FIG. 8 can be directly provided by the
external power source through the load switch 80).

FIG. 8 shows a circuit schematic diagram of the first
conversion circuit 10 and the second conversion circuit 20.
In this embodiment, the second conversion circuit 20 1s a
charge pump circuit with a step-down ratio of 2:1. The 2:1
power conversion module comprises a first set of four
switches (switch 22, switch 23, switch 24, switch 25) and a
second set of four switches (switch 26, switch 27, switch 28,
switch 29) connected 1n series between VIN and ground. The
2:1 power conversion module further comprises a flying
capacitor C1, a flying capacitor C2, an mput capacitor Cin
and an output capacitor Cout. It 1s a dual-phase 2:1 step-
down circuit. The second controller 21 1s a charge pump
controller. The charge pump controller 21 1s used to control
the on and ofl of each switch 1n the second conversion circuit
20.

The flying capacitor C1 1s connected between the com-
mon node of switch 22 and switch 23 and the common node
of switch 24 and switch 25. Flying capacitor C2 1s connected
between the common node of switch 26 and switch 27 and
the common node of switch 28 and switch 29. The first
output terminal VSYS 1s connected to the common node of
switch 23 and switch 24, and the common node of switch 27
and switch 28.

The step-down principle of the 2:1 charge pump circuit 1s
as lollows: when the charge pump circuit operates in a
step-down mode, the VIN port 1s the voltage input terminal.
Assuming that the input voltage 1s Vin, the VSYS port 1s the
voltage output terminal. Assuming that the output voltage 1s
Vsys, the operating process can be divided into two phases
of equal duration.

In the first phase, switches 22, 24, 27 and 29 are turned on,
and switches 23, 25, 26 and 28 are turned off. On the one
hand, the mput voltage Vin charges the output capacitor
Cout and the load on VSYS through the flying capacitor C1.
On the other hand, the flying capacitor C2 1s connected 1n
parallel with the output capacitor Cout to supply power to
the load on VSYS. In some embodiments, Vsys 1s equal to
one-half of the mput voltage Vin.

In the second phase, switches 23, 25, 26 and 28 are turned
on, and switches 22, 24, 27 and 29 are turned ofl. On the one
hand, the flying capacitor C1 and the output capacitor Cout
are connected 1n parallel to supply power to the load on
VSYS. On the other hand, the input voltage Vin charges the
output capacitor Cout through the flying capacitor C2 and
supplies power to the load on VSYS. In this way, the power
conversion module repeatedly and rapidly switches between
these two modes with a duty cycle of 50%, so that the output
voltage Vsys 1s one-half of the input voltage Vin.

In other embodiments of the battery pack, which has more
series-connected battery cells, the second conversion circuit
20 needs to be adjusted accordingly. For example, in the
embodiment of the battery pack with three series-connected
cells, the second conversion circuit 20 1s a 3:1 step-down
charge pump circuit converter, such as a 3:1 ladder charge
pump step-down circuit.

As shown 1n FIG. 9, another schematic diagram of the
second conversion circuit 20 1s shown. In this embodiment,
the second conversion circuit 20 1s a charge pump circuit
with a step-down ratio of 3:1. The 3:1 power conversion
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module comprises a first set of six switches (switch 22,
switch 23, switch 24, switch 25, switch 221, switch 231) and
a second set of s1x switches (switch 26, switch 27, switch 28,
switch 29, switch 261, switch 271) connected in series
between VIN and ground. The 3:1 power conversion module
turther comprises flying capacitor C1, tflying capacitor C2,
flying capacitor C3, flying capacitor C4, tlying capacitor C5,
flying capacitor C6, mput capacitor Cin and the output
capacitor Cout. It 1s a two-phase 3:1 step-down circuit.

The flying capacitor C1 i1s connected between the com-
mon node of switch 22 and switch 23, and the common node
of switch 24 and switch 235. Flying capacitor C3 1s connected
between the common node of switch 23 and switch 24, and
the common node of switch 25 and switch 221. Flying
capacitor C5 1s connected between the common node of
switch 24 and switch 25, and the common node of switch
221 and switch 231.

Flying capacitor C2 1s connected between the common
node of switch 26 and switch 27, and the common node of
switch 28 and switch 29. Flying capacitor C4 1s connected
between the common node of switch 27 and switch 28, and
the common node of switch 29 and switch 261. Flying
capacitor C6 1s connected between the common node of
switch 28 and switch 29, and the common node of switch
261 and switch 271. The first output terminal VSYS 1s
connected to the common node of switch 29 and switch 261,
and the common node of switch 25 and switch 221. The
second output terminal VSYSI1 1s connected to the common
node of switch 27 and switch 28, and the common node of
switch 23 and switch 24.

The step-down principle of the 3:1 charge pump circuit 1s
as follows: when the charge pump circuit operates in a
step-down mode, the VIN port 1s the voltage input terminal.
Assuming that the iput voltage 1s Vin, the VSYS port 1s the
first voltage output terminal. Assuming that the output
voltage 1s Vsys. VSYSI1 port 1s the second voltage output
terminal. It 1s assumed that the output voltage 1s Vsysl. Its
operating process can be divided into two phases of equal

duration.
In the first phase, switches 22, 24, 221, 27, 29, and 271 are

turned on, and switches 23, 25, 231, 26, 28, and 261 are
1 off. On the on hand, Vin charges the output capacitor

turned
Cout charges and supplies power to the load on VSYS
through the flying capac1t0r5 C1 and CS. On the other hand,

the flying capacitor Cé6 1s connected in parallel with the
output capacitor Cout to supply power to the load on VSYS.
In some embodiments, Vsys 1s equal to the voltage across
the flying capacitors C1, C5 and C6, which 1s one-third of
the input voltage Vin. Vsys1 1s equal to two-thirds of Vin. At
the same time, the flying capacitor C3 i1s connected in
parallel with the flying capacitor CS. The flying capacitor C4
1s connected in parallel with the flying capacitor C2, and the

voltages across two terminals of the capacitors of C2, C3,
C4, and C5 are equal to Vin/3.

In the second phase, switches 23, 25, 231, 26, 28, and 261
are turned on, and switches 22, 24, 221, 27, 29, and 271 are
turned oif. On the one hand, the flying capacitor CS and the
output capacitor Cout are connected in parallel to supply
power to the load on VSYS. On the other hand, the input
voltage Vin charges the output capacitor Cout and powers
the load on VSYS through the series-connected flying
capacitors C2, C4. At the same time, the flying capacitor C4
1s connected 1n parallel with the flying capacitor C6. The
flying capacitor C1 1s connected in parallel with the flying
capacitor C3. The voltages across both terminals of C1, C3,
C4, and C6 are equal to Vin/3. In this way, the power
conversion module has a 50% duty cycle between the two
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repeated and fast switching modes, which enables the output
voltage Vsys to be one-third of the input voltage Vin, and
Vsysl to be two-thirds of Vin.

The first conversion circuit 10 includes a switching con-
version circuit comprising four switches and an inductor,
and a buck-boost charging controller 11. The buck-boost
charging controller 11 controls the on and off of each switch
in the first conversion circuit 10 to realize the up-conversion
(boost) or down-conversion (buck) of the output voltage to
meet the charging voltage and current requirements of the
battery pack in different charging stages (such as pre-
charging, constant current, constant voltage, etc.).

The control terminal of the first controllable switch 30 can
be connected to a first controller (not shown 1n the figure),
and the first controller controls the turning on and turning oif
of the first controllable switch 30 to turn on or ofl the
connection between common nodes of the battery cells with
the output terminals of the second conversion circuit.

In some of these embodiments, the control terminal of the
first controllable switch 30 may be connected to a second
controller, and the second controller controls the on and off
of the first controllable switch 30. In this embodiment, the
first controller 1s the second controller (e.g., the charge pump
controller 21) 1n the second conversion circuit 20. In other
embodiments, the first controllable switch 30 may also be
controlled by other controllers. For example, the first con-
trollable switch 30 may be controlled by the buck-boost
charging controller 11 1n the first conversion circuit 10 or a
separately provided controller.

The battery charging and discharging circuit can supply
power to the terminal device, then the battery pack 200 can
be a battery 1n the terminal device, and the load 300 can be
various functional devices 1n the terminal device that need
power supply. Terminal devices are devices such as mobile
phones, tablet computers, PCs, etc. The battery charging and
discharging circuit 1s used for terminal device. The “system™
referred to 1n the text i1s the terminal device system.

The balancing principle of the battery balancing method
1s described below by taking FI1G. 6 and FIG. 7 as examples.
In the embodiment shown 1n FIG. 6, the voltage across the
cell 201 1s set to be VBAT?2, and the voltage across the cell
202 1s set to be VBATT.

When the state of charge of the battery 1s not balanced, the
voltage across the two series connected cells will be differ-
ent. Assuming VBAT1<VBAT?2, since the second conver-
sion circuit 20 1s a voltage conversion circuit with a step-
down ratio of 2:1, and the mput voltage of the second

conversion circuit 20 1s VBAT, the output voltage of the
second conversion circuit 20 1s VSYS=V2VBAT. Then, there

1s VBAT1<lAVBAT=VSYS. At this time, a voltage difler-
ence will appear across the first controllable switch 30.
When the first controllable switch 30 1s turned on, a current
AIl flows from VSYS to VBAT1 to supplement power for
the under-voltage cell 202 and increase the voltage at
VBATI.

When VBAT1 increases, the total voltage of the battery
pack increases, causing the charging current I to decrease to
become I-Al12. In this way, since VBAT1 1s connected to
VSYS, when the battery voltage 1s unbalanced, there will be
a current between VSYS and VBAT, so that the charging
currents ol the two cells 1n series are not equal until the
voltages of the two cells are balanced.

In this process, no additional loss 1s generated. Further-
more, the second conversion circuit 20 effectively “trans-
fers” the excess charge on the cell 201 to the cell 202 with
a lower voltage through the uneven distribution of the
charging current.
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Similarly, when VBAT1 1s higher than VSYS, there will
be a current flowing from

VBAT]1 to VSYS, which increases VSYS, which 1n turn
causes VBAT=2VSYS to increase, and finally increases the
charging current I of the battery cells 1n series until
VBAT1=VSYS=1LVBAT=VBAT2, that 1s, the two cells are
balanced.

In the embodiment shown 1n FIG. 7, the second conver-
sion circuit 20 1s a voltage conversion circuit with a step-
down ratio of 3:1, and the input voltage of the second
conversion circuit 20 1s VBAI. The output voltage
VSYS=AVBAI, and the output voltage VSYS1=2AVBAT
of the second output terminal.

Under the condition that each cell 1s balanced, the voltage
of the first common node of the third cell 203 and the second
cell 202 1s AVBAT, and the voltage at the second common
node of the second cell 202 and the first cell 201 15 24VBAT.

When the cell voltages are not balanced, the voltage of the
first common node 1s not equal to 3 VBAT, and the voltage
of the second common node i1s not equal to 23 VBAI. A
voltage diflerence will be generated between the two termi-
nals of the two first controllable switches 30. When the first
controllable switch 30 1s turned on, there will be a current
between VSYS and the first common node, and a current
between VSYS1 and the second common node. The charg-
ing currents of the three cells 1n series are unequal until the
voltages of the three cells are balanced.

This battery balancing method can achieve battery bal-
ancing in both the charging process and the discharging
process, completely solving the problem of available capac-
ity of the battery pack limited by the battery with poor health
status. In the process of equalization, there 1s no additional
power loss.

In the passive equalization method shown i FIG. 3, the
switches 55 and 356 are often integrated in the battery
measurement and protection controller 51, which limits its
heat dissipation capability and further limits the on-resis-
tance of the switches 55 and 56. Generally, the on-resis-
tances of the switches 55 and 56 are several hundred ohms,
and the resistances of the series-connected resistors 52-54
are also about 100 ohms. Therefore, during the battery
balancing process, the total resistance of the series-con-
nected discharge paths 1s about 500 ohms. Assuming that the
voltage of the cells 1n the battery pack 1s 3.6V, the current
equalized by the cells 1s 7.2mA. Assuming that the capacity
of the cells 201 and 202 1s 2000 mAh, and there 1s a 10%
power imbalance between the cells, 1t will take hundreds of
hours to balance the batteries through the passive battery
balancing method above (the balancing circuit works with a
certain duty cycle). Therefore, the passive equalization
method 1s slow to equalize.

The balancing method of charge transier through the
second conversion circuit shown in FIG. 4-FIG. 7 directly
changes the charging current of each cell 1n the battery pack
for battery balancing, which can perform battery balancing
eihiciently and quickly.

Moreover, 1n this balancing method, the second conver-
s10n circuit 1s multiplexed, and the second conversion circuit
20 15 used to supply power to the load 300. At the same time,
it 1s used to realize the battery balancing function, and only
the output of the second conversion circuit 1s connected to
the power supply in the battery pack. The common nodes
between the battery cells do not require additional devices.
Compared to other active equalization methods, which
requires more active devices, passive devices and control
circuits, the proposed battery charging and discharging
circuit offers lower cost, and the circuit 1s simpler.
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Whether to perform battery balancing can be controlled
by controlling the on and off of the first controllable switch.
The first controllable switch can be controlled to be 1n an on
state all the time, so that the battery 1s balanced throughout
the entire charging and discharging process of the battery.
The first controllable switch can also be controlled such that
it 1s turned on for part of the time and turned off for part of
the time, so that the battery 1s equalized during part of the
charging and discharging time of the battery.

In some of these embodiments, when the first controllable
switch starts to perform battery balancing, the first control-
lable switch may be controlled to operate 1n a constant
current conduction mode to reduce the 1nstantaneous current
when the battery cell balancing starts. When the voltage
difference between the terminals of the first controllable
switch 1s smaller than a preset voltage diflerence threshold,
the first controllable switch 1s controlled to be fully turned
on. Taking the embodiment shown 1n FIG. 8 as an example,
when the voltage difference between VSYS and the first
common node 1s smaller than the preset voltage diflerence
threshold, the first controllable switch 1s controlled to be
completely turned on.

In a charging and discharging process of the terminal
device, the charging process can be divided into three stages,
namely a pre-charging stage, a constant-current charging
stage, and a constant-voltage charging stage. In terminal
devices that support fast charging, the constant current
charging stage and the constant voltage charging also
include the fast charging stage.

The first controllable switch 30 may be turned on in the
discharge stage of the battery pack and the above-mentioned
pre-charge stage, constant current stage and constant voltage
stage, so that the battery 1s balanced throughout the entire
charge and discharge stages of the battery pack. The first
controllable switch 30 may also be turned on only 1n some
stages. For example, the first controllable switch 30 1s turned
on during the discharge stage, the constant current charging
stage and the constant voltage charging stage of the battery
pack. While the first controllable switch 30 1s turned off
during the pre-charging stage. That 1s, voltage equalization
1s performed only 1n the discharge stage, the constant current
charging stage, and the constant voltage charging stage of
the battery pack.

In some of these embodiments, if the battery pack i1s 1n a
discharge state, 1n the case where the second conversion
circuit 20 adopts a charge pump circuit, since the efliciency
of the charge pump circuit 1s not high at light load (1.e. when
the terminal device 1s 1n a standby or light load state), the
charge pump circuit can be turned off, and the load 300 can
be powered by the battery cell connected to the ground
alone. Taking the embodiment shown i FIG. 6 as an
example, when the second conversion circuit 20 1s turned
ofl, the battery cell 202 supplies power to the load 300
independently through the first controllable switch 30.

That 1s, when the battery pack 1s in the discharge state, 1f
the output current of the second conversion circuit 20 1s
greater than or equal to a preset current threshold (indicating
that the terminal device 1s 1n a heavy load state), the first
controllable switch 30 1s turned on. The second conversion
circuit 20 performs battery balancing for each cell in the
battery pack while supplying power to the load. Of course,
at this stage, the second controllable switch 30 can also be
turned ofl without performing cell balancing.

If the output current of the second conversion circuit 20
1s less than the preset current threshold (indicating that the
terminal device 1s 1n a standby or light-load state), the first
controllable switch 30 1s turned on, and the second conver-
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sion circuit 20 1s turned ofl, so as to improve the power
supply efliciency, until the voltage difference between the
series-connected cells 1s greater than or equal to a preset
threshold. At this time, the second conversion circuit 1s
activated to perform battery balancing until the voltage
difference between the cells 1s smaller than the preset
threshold, and the second conversion circuit 1s turned off
again.

The voltage of each series-connected cell in the battery
pack 1s detected 1n real time by the battery measurement and
the battery protection controller 51 to determine whether the
voltage difference between the cells 1s greater than or equal
to the preset threshold.

This method 1s different from the method of using mul-
tiple cells 1n series to supply power to the load at the same
time. The charge pump circuit does not operate continuously
in the low current mode with low efliciency, but intermait-
tently operates in the high current mode with higher efli-
ciency for a short time to realize the transfer of charge
between the cells and turn ofl the rest of the time to save
energy. This approach achieves optimal efliciency when the
battery pack supplies power to the load.

Taking the embodiment shown 1n FIG. 8 as an example,
in the embodiment shown in FIG. 8, the second conversion
circuit 20 1s a charge pump circuit. Assuming that the
terminal device 1s 1 a standby or light load state. It 1s
assumed that the voltage across the battery cell 201 1s
VBAT2, and the voltage across the battery cell 202 1s
VBATI.

When the discharge starts 1nitially, the second conversion
circuit 20 1s turned off, and the battery cell 202 supplies
power to the load through the first controllable switch 30 that
1s turned on. The voltage across the cell 202 1s reduced to
VBAT1=VBAIT2 -AV1.

When the voltage difference AV1 between the battery cell
201 and the battery cell 202 1s greater than the preset
threshold, the second conversion circuit 20 1s activated.
Taking the single-phase charge pump circuit comprising the
switches 26-29 in the second conversion circuit 20 as an
example, the switch 26 and 28 are turned on first, and
switches 27 and 29 are turned off. At thus time, the battery
cell 201 1s connected 1n parallel with the capacitor C2
through the first controllable switch 30 to charge the capaci-
tor C2 to the voltage across the battery cell 201 (VBAT2).

Then the switches 26 and 28 are turned ofl, the switches
27 and 29 are turned on, and the capacitor C2 1s connected
in parallel with the output capacitor Cout and VSYS. Since
the voltage VBAI2 on the capacitor C2 i1s higher than
VBATI, the capacitor C2 also charges the battery cell 202
t_’lrough the first controllable switch 1n addition to providing
the tull current for VSYS. When the current supplied to the
load by the charge pump circuit 1s very small, the charge
pump circuit 1s mainly used to transier the charge on the
battery cell 201 to the battery cell 202. The transier current
1s controlled by the first controllable switch 30 and can be
much larger than the current supplied to the load, so the
elliciency of the charge pump 1s significantly improved at
lower currents. Here, the first controllable switch can be
configured to operate 1n a constant current conduction mode
to limit the battery balancing current between the two cells,
so as to prevent the voltage diflerence from causing exces-
sive transient current and causing unnecessary losses.

After some time, the voltages of the battery cells 201 and
202 are gradually balanced until the voltage diflerence AV1
1s smaller than the preset threshold. The charge pump circuit
1s turned off, and the cells 202 continue to discharge to
supply power to the load by itsell.
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In some embodiments, please refer to FIG. 8, the battery
charging and discharging circuit 100 may further include a
configuration switch 40, a charging switch 60 and a dis-
charging switch 70. The charging switch 60 i1s used to
control the battery pack to start or stop charging, and the
discharge switch 70 1s used to control the battery pack to
start or stop discharging. The configuration switch 1s used to
control the charging and discharging parameters during the
charging or discharging of the battery, such as controlling
the charging current.

The charging switch 60 and the discharging switch 70 are,
for example, MOS transistors, IGB'T transistors, etc., and the
configuration switch 40 1s, for example, a linear regulator.

In some embodiments, the charging process of the termi-
nal device includes a pre-charging phase. The first control-
lable switch 30 may be kept mm an off state during the
pre-charging phase, that 1s, no battery balancing 1s per-
formed.

Usually, when the battery pack starts to charge, due to the
low voltage of the battery pack, in order to protect the
battery pack and avoid damaging to the battery cells caused
by high current, the battery pack will be pre-charged with a
small current first.

When the terminal device 1s connected to the external
power supply and starts charging, the first conversion circuit
converts the input voltage of the external power supply. For
example, 1t 1s converted into about twice the minimum
voltage required by the load. The configuration switch (for
example, the configuration switch 40 1n FIG. 8) between the
battery pack and the external power supply controls the
charging current. For example, the configuration switch can
be operated 1n a linear voltage regulation state to output the
pre-charge voltage and current to the battery pack.

In the pre-charging stage, the charging voltage provided
by the first conversion circuit 10 1s greater than the voltage
of the battery pack. At this time, the configuration switch 40
will bear a certain voltage drop, and the input voltage of the
second conversion circuit 20 1s not equal to the voltage of
the battery pack. As a result, the error of the above-
mentioned battery balancing method may be relatively large.
Hence, 1n the pre-charging stage, the first controllable switch
30 may be turned ofl and the battery balancing 1s not
performed.

The battery balancing method during the charging process
of the battery pack 1s described below by taking FIG. 8 as
an example. The {fast-charging mode provided in the
embodiment of FIG. 8 is a fast-charging mode in which the
power output from the adapter directly charges the battery
pack by controlling the load switch 80 to be turned on by the
high-voltage direct charging controller. The system controls
the terminal device to enter the normal charging mode
through a path switch (e.g., a USB protection chip), and the
first conversion circuit 10 converts the output of the adapter
to charge the battery pack.

In the discharging stage, when the terminal device 1s not
connected to an external power supply, the battery cells 201
and 202 are in a fully discharged state, and the first con-
trollable switch 30 can be kept on or off.

In the pre-charging stage, for example, the external power
supply may be a voltage-adjustable AC power adapter.
When the adapter that supports high-voltage voltage regu-
lation starts to supply power to the VBUS port, the first
conversion circuit 10 adjusts the input voltage of the adapter,
for example, to about twice the minimum voltage required
by the load. The configuration switch 40 outputs the battery
pre-charge voltage and current to charge the battery pack in
a linear regulation state. Then, the second conversion circuit
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20 1s turned on to supply power to the load. As the battery
pack voltage increases, the configuration switches 40 are
tully turned on 1n a gradual manner, and the constant current
charging mode starts. During the pre-charging phase, the
first controllable switch 30 remains ofl.

In the constant current charging stage, aiter the constant
current charging starts, the first controllable switch 1s con-
trolled to be gradually turned on to enable active battery
balancing. In a specific application, the first controllable
switch 30 may be configured to be 1 a constant current
conduction state first, so as to reduce the instantaneous
current between the first common node and VSYS, and wait
until the voltage difference between the first common node
and VSYS 1s suiliciently small. Then, 1t 1s fully turned on to
achieve fast equalization between batteries at a faster rate. In
the constant current phase, 1n order to keep the charging
current constant, the output of the first conversion circuit
increases as the battery voltage VBAT of the battery pack
1ncreases.

When the battery voltage of the battery pack reaches the
super-fast charging threshold, the load switch 80 1s turned
on, and the path switch 1s turned ofl. The adjustable voltage
adapter directly charges the battery pack, and simultane-
ously supplies power to the load through the second con-
version circuit. In practical applications, at this stage, the
output voltage of the adapter can be controlled by the
high-voltage direct charging controller, which increases the
voltage with the increase of the battery pack voltage to
maintain a constant high current to charge the battery. The
first controllable switch 30 is kept 1n an on state to achieve
active balancing of the battery during the fast-charging
process.

In the constant voltage charging stage, as the battery pack
voltage VBAT continues to rise, when 1t reaches the constant
voltage charging threshold, the terminal device enters the
constant voltage charging stage. The adapter continues to
provide a stable mput voltage to the battery through the load
switch 80 and makes fine adjustments to keep VBAT stable
as the battery pack voltage changes. At this stage, the battery
charging current i1s gradually reduced until the voltage
regulation accuracy 1s not enough to maintain the constant
voltage charging voltage. The path switch 1s turned back on.
The load switch 80 1s turned ofl, and the first conversion
circuit 1s restarted to provide a stable VBAT 1for the load,
until the charging current decreases to the charging stop
threshold current, and charging stops. During the constant
voltage charging stage, the first controllable switch 30 1s
kept on, and the second conversion circuit 20 continues to
actively balance the battery pack.

In the above-mentioned constant current charging stage
and constant voltage charging stage, the first controllable
switch may not always be 1n an on state, but 1n a dynamic
on or ofl state according to the voltage difference between
the cells. For example, when the voltage difference between
the battery cells 1s greater than a preset threshold, the first
controllable switch 1s in a conducting state to perform
battery balancing. When the voltage difference between the
cells 1s smaller than the preset threshold, the first control-
lable switch 1s 1n an off state, and no cell balancing 1is
performed.

In other embodiments, as shown in FIG. 10, the first
controllable switch 30 includes an 1solation switch 31 and a
current measurement unit 32. The current measurement unit
32 1s used to measure the current flowing through the
isolation switch, and the current can be used to accurately
measure the state of charge (SOC State of Charge) of the
battery cell 202, thereby accurately estimating the power of
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the battery. For example, the current measured by the current
measurement unit 32 and the series current measured on the
current detection resistor 52 can be combined to achieve an
accurate charge calculation of the battery cells 202 for more
accurate and independent estimation of the charge status of
the battery cells 202.

From the description of the above embodiments, those
skilled 1n the art can clearly understand that each embodi-
ment can be implemented by means of software plus a
general hardware platform, and certainly can also be 1mple-
mented by hardware. Based on this understanding, the
above-mentioned technical solutions can be embodied 1n the
form of software products in essence, or the parts that make
contributions to related technologies, and the computer
soltware products can be stored 1n computer-readable stor-
age media, such as ROM/RAM, magnetic disks , optical
disc, etc., including several instructions to cause a computer
device (which may be a personal computer, a server, or a
network device, etc.) to perform the methods described in
various embodiments or some parts of the embodiments.

Finally, 1t should be noted that the above embodiments are
only used to illustrate the technical solutions of the present
invention, but not to limit them; under the idea of the present
invention, the technical features in the above embodiments
or different embodiments can also be combined. The steps
may be carried out in any order, and there are many other
variations of the different aspects of the invention as
described above, which are not provided in detail for the
sake of brevity; although the invention has been recorded 1n
the foregoing embodiments, skilled person should under-
stand that 1t 1s st1ll possible to modify the technical solutions,
or to perform equivalent replacements on some of the
technical features; and these modifications or replacements
do not make the essence of the corresponding technical
solutions deviate from the scope of technical solutions of
implementation of the present invention.

What 1s claimed 1s:

1. A battery charging and discharging circuit used for
charging and discharging a battery pack comprising N cells
connected 1n series, the battery charging and discharging
circuit comprising:

a first conversion circuit and a second conversion circuit,

wherein:
an mput terminal of the first conversion circuit 1s used
to connect to an external power supply;
an output terminal of the first conversion circuit 1s
connected to an mput terminal of the second con-
version circuit and a first terminal of the battery
pack;
a second terminal of the battery pack 1s grounded;
the N cells have N-1 common nodes, and the common
nodes are common connection points of two adjacent
cells:
the second conversion circuit has N-1 output terminals,
wherein:
a step-down ratio of the second conversion circuit 1s
a fixed value:
an Mth output terminal 1s used to output a voltage
equal to M/Nth of an mput voltage; and
a first output terminal 1s also used to supply power to
a load; and
each one of the common nodes of the N cells, 1n the
order from the second terminal to the first terminal of
the battery pack, 1s connected to one of the output
terminals of the second conversion circuit in the
order from low voltage to high voltage, and wherein
N 1s greater than or equal to 2.
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2. The battery charging and discharging circuit of claim 1,
wherein:
the charging and discharging circuit further comprises a
first controllable switch comprising an 1solating switch
and a current measuring unit, and wherein the current
measuring unit 1s used to measure a current flowing
through the 1solating switch.
3. The battery charging and discharging circuit of claim 1,
wherein:
the charging and discharging circuit further comprises a
first controllable switch, and wherein each of the com-
mon nodes of the battery pack 1s connected to an output
of the second conversion circuit through the first con-
trollable switch.
4. The battery charging and discharging circuit of claim 3,
wherein:
the battery pack comprises a first cell and a second cell
connected 1n series, and the first cell and the second cell
have a first common node; and
a step-down ratio of the second conversion circuit 1s 2:1;
and
the first output terminal of the second conversion circuit
1s used to output V2 of the mput voltage, and wherein
the first output terminal of the second conversion
circuit 1s connected to the first common node through
the first controllable switch, and the first output termi-
nal of the second conversion circuit 1s also used sup-
plying power to the load.
5. The battery charging and discharging circuit of claim 3,
wherein:
the battery pack comprises a first cell, a second cell and
a third cell connected 1n series;
one terminal of the third cell 1s grounded;
the third cell and the second cell have a first common
node, and the second cell and the first cell have a
second common node; and
the second conversion circuit has the first output terminal
and a second output terminal, and wherein:
a step-down ratio of the second conversion circuit 1s
3:1;
the first output terminal of the second conversion
circuit 1s used to output 14 of the input voltage; and
the second output terminal of the second conversion
circuit 1s used to output 24 of the input voltage;
the first output terminal of the second conversion
circuit 1s connected to the first common node through
the first controllable switch;
the second output terminal of the second conversion
circuit 1s connected to the second common node
through another first controllable switch; and
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the first output terminal of the second conversion
circuit 1s also used to supply power to the load.
6. The battery charging and discharging circuit of claim 3,

wherein:

a control terminal of the first controllable switch 1s

connected to a first controller; and

the first controller 1s used to control the first controllable

switch to turn on or oil a connection between a com-
mon node and a corresponding output terminal of the
second conversion circuit.

7. The battery charging and discharging circuit of claim 6,
wherein the first controller 1s configured to:

control the first controllable switch to be turned on when

an external power source does not provide power to the
battery pack, the battery pack is 1n a discharging state,
and an output current of the second conversion circuit
1s less than a preset current threshold; and

turn ofl the second conversion circuit when a voltage

difference between cells 1s less than a preset threshold,
and activate the second conversion circuit when the
voltage difference between the cells 1s greater than or
equal to the preset threshold.

8. The battery charging and discharging circuit of claim 6,
wherein:

the first controller 1s configured to control the first con-

trollable switch to be turned on when the battery pack
1s 1n a constant current charging state.

9. The battery charging and discharging circuit of claim 8,
wherein controlling the first controllable switch to be turned
On COMpIrises:

when the first controllable switch 1s switched from an off

state to an on state, the first controllable switch 1s first
controlled to operate 1n a constant current conduction
mode; and
when a voltage difference between two terminals of the
first controllable switch 1s less than a predetermined
value, the first controllable switch 1s controlled to be 1n
a fully conducting state.

10. The battery charging and discharging circuit of claim

408 wherein:

45

the first controller 1s further configured to control the first
controllable switch to be turned off when the battery
pack 1s 1n a pre-charge state.

11. The battery charging and discharging circuit of claim

10, wherein:

the first controller 1s further configured to control the first
controllable switch to be turned on when the battery
pack 1s 1n a constant voltage charging state.
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